
11. Pnctk:al ReallMllon in Croup Tutoridals 

Icon 26 II rudUy expanded by m::Iinc: further p&rtlc:lpanta A· 
( .. ! ... : I: "y A, ,\ •••• • • e.dllnitially lltamed to I brlin.aay 
cr, . cr, ..... The IIIlpanded Icon rrpresenllJ I many penon 
application of CASTE. Hewiltic a illti.I.l dominant. The .. pport. 
< S~. S: > it u«u\ed It the Interfar:e (to whkh II II rrduted). 
But ...... inK • dl'lli", bMed upOO e ... lie.. work with IIIl\IlI groupl 
/pask ond Von Foent.er 1961. I.ewil and I'lIIIk 1966 .00 Pllllk and 
I.ewill 19681 It II poulble to diltribute < T'. T"> lor executJon In 
IIOme or III of the L I'I"OCHlOrl« I ,«, ..... Thll, I t any Tlte. II I 
workable reallMtion ond It 11 detCrilled In the n&t volume. 

Aa a p",vi ...... not only II < T'. T"> dlltribu t~ undtr 
execution but 110 are the P Individuall (A,. A, .•.• 1. The 
lItudent--to .. tud~t Interactlonl that ... e Cl.tIIlysed In ~bi", 
< T ' • T"> enRUe !hit A, II eucuted to lOme extent In a, ond At 
In «" . The maln lechnkll IIIlpedient is Rpal"IIte Itorage ot the 
marker predlCl.t.e "."menU for e..,h currrntly openItl", P 
IndividuAl ... d replk:ltion of the ruppol"l < ~ . S: >. Incidentally. 
the number of P lndlvldulll II not neceosarily the .me .. the 
number of ltudent. rnl-erinllthe Iystem: colliUoIU an! tanned and 
trrlil P Indivlduall mly. In principle, be conltructed U devllnll or 
by CCKlpen.t1,... combln,UQn. 

In conln.lt to the Idu 01 • "teaching IlUIoChine", which Willi 

bandied around and mUdly delTogated in ClIapten I and 2. thll 
lIITMgement II a " vehicle for driving through knowledll'-' ". Thlt la. 
• ltudent __ the enlailment Itructure u • terrain throUjh which 
he may pr~ more or Ie.. fll'l'ly, by learning Ind 
undentanding. BUI he II AlbJect to navigation rulel ImpoRd by 
!he CET heuristic or {S: S: lond boundary OOI1dlUonl that.", 
impOllld. throulh the mICro m~uurel di.:waed eariier In !hili 
cMptef, perilajll .ugmented by f RL\J indicft. rurther. the 
Iludent uPf_ hildellred direction ... d tate o f motion In terrill 
of DllCfO vari.blel. CASTE. repnled ... ph)'liell proc:_. 
providM ... M Individual which the student (q\lll P Ind ividual) 
inhabit. and URI .. I ~hicle to drive through the terrain 01 the 
entailmen t IUUctU!ll. Eeo;h iludent may be ....... (and may Jell 

himM!lfJ u occupyin, • "pal"IIte vehicle. But I\lIden~ convene 
with one ... other, .. well .. with !he IIlpport < sL S: >. In flct. 
"tlldent tn.nlllCtionl carry the burden of te<ldtlnl. Studenll IIlII! 

permitted to cOIIvrne. II thl')' !)Crull)' the urne neighbourhood in 
the telTlin ... d If they hive leamlng ItmteKieo that ore comp"tlble. 

." 

Appendlr: A 

Cenenal appllcltions of SST l)'netnI are rerie-.d In I.ewiJ.nd 
PIUk {1964} IIId in Puk (1974): I Almmary ICCount of the crOll 
findinp II riven in Pull (1966). Detailed deQptlON appear In 
Put (1958 , 1960. 1961. 1963, 1965, 1969). Mott of the 
e1perimentai work " felTed to the ..,qulslt lon ot oodlng IkUIi in 
which & Albject II prNente<i with • compl"" Itimulul (I 
configunltlon of Il!yenalillumina ted oi"nl( Lamjll, for example) and 
II able to achl", •• correct ~t if he makel an Ipproprilte 
comple" Il!IPOIIIf! (pre.lng , OOI1figuration of ..... enal ' l'IIpon" 
buttoN, for elll,mplel within I fi>:ed in~oI of at. The reIIpGlIIO! 

is appmprillte If and only 11 the butlonl p~ .. Ildy I codil1ll 
rule thaI rrI,. the display (of IllIIjIIJ to the sel of retponll! 
buttons; M .,d the Intertrill lnt.ervaJ IIlII! chOler! 10 • to render 
the tilt le&m.lb/e but impouibLe for Illy novice. In our more 
IOphiltica~ experiment., we rrfllliated lie to tit the individual 
IUb;ec1i ... d took caJe, when analysing the clata, thlt .. ch 
individull Idjultmenll did not pervert the dlhl, It ... y tate in , 
dirl.'ction that ravoured!he hypothelil beinll ~ 

MOlt of the uperimenll were conlroUed by • lpecill ptlrpoM 
computer on .. hlch any kind of SST or otIlptive ")'litem cou ld be 
oimul.ted: the dllpLay Irl"onlll'menli Included meanl tor deHverl", 
elthet Ilm ple or differentia l 'knowledge of reAl III ' ror optionally 
cuelnS in ",Jpect of each or III responae component.! and for 
changin& and Iltemlting !he current rule. Th~ wo rk II chiefi)' 
reported In Puk and l.ewll (1961, 1968). 

SoIient condltlolll end rrJUlII .. ere u foUows (t'Ich 
uperirn ... tIIl Albiroup hu bet ... · ..... 10 and 20 rubjecu). 

{II Using I lingle rule, ... d limpl.ifying!he probl.~m (of ~ 
!he rule for I IWIdomly 5eIecled aequ ... c~ of limp conf'll'tationl 
within 1I1) by varyinl !he I"",p number and by .... ""Ulaty 
cueing IdjUitment, Il wu poIJIble to confum the reAllt dted In 
!he texl. '-mini tate ill mulmiaed hy Itttini E 10 that problell1l 
IIlII! muimlily diffICult whUII rl'maining InteUipble; t Ot veluel ot f 
apeced 1110 p apart. the predicated trend io ol",Ulcan l ll!he 0.11\ 
level. The IUK!llaty cueinll it InUoduced to avoid I pa\holOlicli 
invenlon, noted by Vln Der Veldt and dud In Woodworth 
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that if • l tn.tegy iii matched to the .... bjec~·. competence either 
. Iz"ategy iii just .bout .. effective. The main comparillOn I. eHect..:l 
between the Rule 2 IIIbjecti In the "Fr ... Learning'· and tbe 
··adaptive metBSy. tem" .... I>grou!"; uaing T, . The diHeren~ is 
highly Ilgnificant (0.1% but the rank 1C0res never ove rlap). The 
lIIIne oignificance iii attached to the check ratio IC<lIe T"· T, rrl 
x 10Q9l',. 

The lower linel of Diagram B3 and Diagram B4 "'pre""nt an 
index of uncertainty cokulRted from the number of gue .. ing trial! 
required to make a completely t orrect r('flpOJllle to each Input (P. 
in contnl!ll, \I a correct reoponse Index). It Is Ulumlnatlng to plot 
the un~rtainty (U) value •• in aggrepte over the "Free Learning·' 
IIlId ··adaptive metaBYltMI" lUb(roupo. but with reference to I!/Ich 
l ubwk. These graphl. Ihown In D~ B5. reveal the dominRl1t 
eftectl of the adaptive metasy.tem; thili method of regulation 
reduces peaks of grOi. uncertainty and prevents premature 
rebeanal of the complete wk (ABCD) which engl!ndell 
uncer1ainty !! the prerequi&ite rubwkl ale not mldy familiar 
and proficiently perfonned. 

Table 2 thOM the data from the experimenlll wing an adoptive 
.egulator designed on the basiJ of one logically provident type of 
learning .tn.tegy. A. in Appendix A. the adllptively regulllted 
.... bjectl fair better than most free learning l ubjeclII; the dJfferenC1! 

" 

• T,r. , " ' <><~' "'" p,o",.m , 10" 

Dlal"'m B. ~. PIa' at U (bob.,I"" .. 1 """ ..... In'I) . ..... , .d .,. ... A. 
!--'combol ...,bJ«:lI. B. melo.j'llom Alblo<lI .lth ,"poet to ..-po:r.tc 
problem 01 ..... Ploo.t<d 'pi"" numbo, ot Ifill blod .. _n, d<llllol willi 
_ h 01 .... 

'" 

~ 

T"b\~ 2 
Adaptlvely Regw.ted LeIlm.ing 

tMatched. 

T, 

424~ 

510 

." 
'''' 310~ 

256~ 
299~ 

621 
398~ ... 

'" 
3.02 
3.42 
2.75 
3.10 
3.23 
3.00 
3.32 
2.85 
3.05 
3.30 

is significant .t the 0.1% level. However. then. is B great deal of 
variation and the order of superiority may be reversed for certain 
free learning 'lUbjeclll who Mve already "learned to Ie","". It iI 
aloo intuitively clear thai the adaptive subjectl who ale the ben 
pedonners have an ingrained dilpooilion to adopt tbe One learning 
strategy built into the adaptive mlctllne . In Table 2 the .. oubjeclll 
am distinguiihed by upecial mark. 
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Con.ersely, the relational opefaton used, litnulate-afte,..the-""en~ 
the d.iltlnction drawn by the lource. Thill Iefiectl the f",,~ that 
distinction (or predicalJon) II the openltlon of the ' OUICe. par 
eJ:cellence. 

To image un~ipping and matchlllll it II. In senetal, necessary to 
employ 
1.l. PennufaUon: of coordinalet i.e. a reamlrlgement of the 
coordinate..,t of a relation or a prOOuc~ ~'or enmple 

P, nnulalion u" < R,. R,. R" It. > * < It.. a
" 

R,. R, > 
1.2. Proj~ljcn of • rel.!!on to • IUbaet of it. coordinates. For 
example, IP.en an R for which 

Field(R) - <R"R,., ... ,R ••. ..• R.> 
Prol. (R) - R. , R,. can be a relation for example giving 

Field (R) - <R,." R,.,> Or. set S .... {So, }, jeJ valueset of S •. 

The operation of Field Iterate (a) leads to the Ipecificatlon of 
the simple domain. 8 in the product C - (8 , • 8, •....• 8~ I of 
which R is defined. The specification is further con$trained by 
whole coordinate identity between two different ",1.lJons R, and 
a,. if e1iei"", by the fQW"Ce. and bnaged as 

ProjdFiel<fl-' (R,) - Prok (Field"(R,)) 

AI • result of th..II openlt;on. membeR of the inde~ ""t are freed 
to be lIIed to r matching with other topica at each ltep Ilf.fWlj 
1kWe (if needed). Eltab1lshinil coordinate identitielll a fint lU!p 
in . pecifying a .... Iation. R. The next .tep (ipeclC",alJon of a 85 a 
particular .ubset in the Cart..aian product in which it il defiood) is 
b....:! 011 identity of ",me of the values of a coordinate in a 
.... Iation a" .nd lI01lle of the values of the same coordinlte in a 
relation a, (R" R" IUch thaiIWd (R) - < R" R,». For thi. 
purpose we use a..,t of re\ationol operaton, includl", permutation 
and projectlon (already lpecified) and otheR, ehieny du~ to COOd. 
In general. H is imaged u derived from two (or more ) rnlstioru H, 
and R, by the application of an appropriately ordered oequence 
(Helop) of telational ·operat"n. Thill H - ra10p (R" H, ). The Jet 
of Relationol OperatoR Rei op ... t inc u ... Carte<ian product 
(over simple Or non·,impl. domainsi. permutation and projection 
(applied to one relation). 

'" 

-
Oi.en two Or mille relation. specU"ied in ntension 

H, J\lchthat.EiJ:ld(R,)" <A,B, ... • E,F > 

R, luchthatEWll(R.-, ) - <F.G, ... , K.!.> 

H, tueh that Field ( ft )) - <!., M •.... F. Q >" 

1.3. NM"raIJoin (R,.H,) " {< rA , I ••. •• ,r~.r~.rG, .... 
IK. Ie > .uch that 

(,,, tAJ A 
(rleBIA .•. A 
(raeE)A 
( r~ . F)A 

(ro .O)A ... A 
(r"oK)A 
(rLfL)A 
« t A • rl .... ' 1'; , r, >f H,) A 
« ry, IG, ... rIC, r l.>f H,) 

Natural Join can be applied to more than two relatio"s. for 
""amp!~ 

Natunll JOIIl~.l I H,. R,. H)J - Naturnl JoinL 
(Naturnl Join~ (R,. R.,). H,) 

1.4. Naturol Compolitiollr (R" R,) ... ProiA . • .... E.G • ... K.L 
Nnturnl Join, (R I. R, ) 

1.5. RfWicl{on H, I ft., -

" 

WhenL -A 

{< rA.r • . . .. r • • r~> ,uchthat 

(rAfA) A 
(r •• B}A ... A 
(rI f E) A 
( r~ fF)A 

«'r. 'c.·· .r". 'e>. R,)) 

" Th . id l nlial ... "nIl",,(. <on 01",.,., ""po" ... :ddbllod by Ipp"",ri ... 
p.""Utl""n. In I .. , it ia pooolbl. "" ",,,,11 .-l'" ,.",IOlIIblpa (lD Cadd·, "mI') 
1.0. oqul .. Jonco cl_ Df ,..tOU.,III und •• pormu"~"". 

." 
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